Argonne National Laboratory has developed a computer code, FURN3D, for assessing the impact of burning different coals on heat absorption patterns in pulverized coal furnaces. The code is unique in its ability to conduct detailed spectral calculations of radiation transport in furnaces, fully accounting for the size distributions of char, soot and ash particles, ash content, and ash composition.
Description
The code predicts heat radiation in three directions, taking into account factors that will cause radiation absorption, emission, and scattering. Heat release from the furnace is also calculated, as is the temperature profile within the furnace and the particle distribution of fly ash. The code is written in Fortran 77, has modular form, and is machine-independent. The computer memory required by the code depends on the number of grid points specified and whether the transport calculations are performed on a spectral or gray basis.
Benefits
The computer code is useful for predicting heat absorption patterns, that is, hot spots in coal combustors. This prediction can be made for coals of varying ash content, ash composition, and ash particle size. Information on heat absorption patterns is useful in modifying combustor designs to achieve optimal combustion of coal particles.
The code uses spectroscopic data for estimating the absorption coefficients of participating gases, that is, carbon dioxide (COi), water vapor (H20), and carbon monoxide (CO). It invokes Mie theory for determining the extinction and scattering coefficients of combustion particulates. The optical constants of char, soot, and ash are obtained from dispersion relations derived from reflection activity, transmissivity, and extinction measurements. A control-volume formulation is adopted for determining the temperature field inside the furnace. A simple char burnout model is employed for estimating heat release and evolution of particle size distribution.
Current Status
The models for improved prediction of boiler furnace heat absorption patterns are being refined. 
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Design Concept
The code uses a hybrid technique to solve the three-dimensional radiation transport equation for absorbing, emitting, and anisotropically scattering media. The technique achieves an optimal mix of computational speed and accuracy by combining the discrete ordinate method (S4), modified differential approximation (MDA), and PI approximation in different ranges of optical thicknesses.
Argonne National Laboratory is operated by The University of Chicago under contract to the U.S. Department of Energy.
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